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http://dx.doi.org/10.1016/j.bgm.201
2214-0247/Copyright ª 2014, TaiwanAbstract The aim of the present study was to evaluate the in vitro antioxidant activities of
the hydro-methanol (2:3) extract of the seeds of Swietenia mahagoni (L.) Jacq. To evaluate
the antioxidant activity, the effects of the extract on the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging effect, scavenging of hydrogen peroxide, hydroxyl radical scavenging po-
tential, scavenging of nitric oxide, and antilipid peroxidation activity by biochemical methods
were examined. Total phenol and flavonoid content in the extract were measured biochemi-
cally as per standard methods. Results indicated that the hydro-methanol (2:3) extract had
strong scavenging activity on the DPPH radical with an IC50 value 80.54 mg/mL, the hydroxyl
radical with an IC50 value 60.76 mg/mL, and hydrogen peroxide with an IC50 value 66.10 mg/
mL. The hydro-methanol (2:3) extract also showed notable inhibition of lipid peroxidation with
an IC50 value 61.23 mg/mL and nitric oxide with an IC50 value of 81.56 mg/mL. Phytochemical
study showed that the extract is rich in phenolic compounds [46.25 mg gallic acid equivalent
(GAE)/g dried extract] and flavonoids [231.72 mg quercetin equivalent (QE)/g dried extract].
The present study provides evidence that the hydro-methanol (2:3) extract of seeds of S. ma-
hagoni is a potential source of natural antioxidant activities.
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est Bengal, Paschim Medinipur, 721 102 India.
hoo.co.in (D.Ghosh).
4.05.003
Genomic Medicine and Biomarker Society. Published by Elsevier Taiwan LLC. All rights reserved.
Swietenia mahagoni (L.) Jacq. 19Introduction
In the past few years, reactive oxygen species (ROS) have
been linked to several pathological situations. The oxidation
induced by ROS-like highly reactive free radicals, especially
oxygen-derived radicals which are formed by exogenous
chemicals or endogenous metabolic processes in the human
body, can result in cell membrane disintegration, membrane
protein damage, and DNA mutation, which can further
initiate or propagate the development ofmany diseases such
as cancer, liver injury, and cardiovascular disease.1,2 Almost
all organisms are well protected against free radical damage
by enzymes such as glutathione peroxidase, superoxide dis-
mutase, and catalase, or compounds such as vitamins (E and
C), glutathione, and phenolic compounds.3 The mechanism
of antioxidant protection becomes unbalanced by factors
such as aging and deterioration of physiological functions
that cause the majority of diseases like atherosclerosis,
cancer, diabetes, liver cirrhosis, cardiovascular disorders,
etc.4 The oxidation process is one of the most important
routes for producing free radicals in food, drugs, and even a
living system. It has been reported that supplementation
withantioxidants suchas vitaminE, vitaminC, andother non-
nutrient antioxidants, such as plant-derived natural antiox-
idants, has been shown to reduce the oxidative stress in
experimental diabetes.5 There is a high demand for natural
antioxidants in the food, cosmetic, and therapeutic in-
dustries, due to their low cost, high stability, high compati-
bility with intake, and absence of harmful effects to the
human body, unlike some synthetic antioxidants, i.e.,
butylated hydroxyanisole (BHA) and butylated hydrox-
ytoluene (BHT) which are carcinogenic in nature. Hence,
strong restrictions have been placed on their application and
there is a trend to substitute themwith phytoantioxidants.6,7
Neutraceuticals with antioxidant properties are nontoxic, or
may have minimum side effects compared with synthetic
compounds.8 In this concern, we attempted to find neu-
traceuticals to substitute for synthetic antioxidant drugs.
Therefore, the aim of the present study was to investigate
the in vitro antioxidant properties of the hydro-methanol
(2:3) extract of seeds of Swietenia mahagoni. The extract
was examined for different ROS scavenging activities
including hydrogen peroxide, nitric oxide, hydroxyl radicals,
lipid peroxidation, and for phenol and flavonoid content in
different in vitro models.
S. mahagoni (L.) Jacq. is a beautiful, lofty, evergreen
large tree, native to tropical America, Mexico, South
America, and India. The aqueous extract of the seeds of S.
mahagoni is widely used in Indonesia as folk medicine to
cure diabetes. There is a single report about the antidia-
betic effect of S. mahagoni in model animals.9 However,
there are no reports on the in vitro antioxidant properties
of the plant extract.
Materials and methods
Chemicals
The chemicals 2,2-diphenyl-1-picrylhydrazyl (DPPH), tri-
chloroacetic acid, thiobarbituric acid (TBA), gallic acid,
ascorbic acid, alpha-tocopherol, BHT, BHA, and Folin-Ciocalteu reagent (FCR) used in this experiment were pur-
chased from Himedia Laboratories Pvt. Ltd., Mumbai, India.
EDTA, hydrogen peroxide, sodium hydroxide, sodium car-
bonate (Na2CO3), ferric chloride, sodium nitrite (NaNO2), and
quercetin were purchased from Sisco Research Laboratories
(SRL) Pvt. Ltd., Mumbai, India. Aluminum chloride (AlCl3) was
obtained from SD Fine Chemicals Ltd., Mumbai, India.
Plant materials
The seeds of S. mahagoni (L.) Jacq. under the family Melia-
ceae were collected from Paschim Medinipur District, West
Bengal, India, in December (2009) and the materials were
identified by the taxonomist of the Botany Department,
Vidyasagar University, Medinipur. The voucher specimenwas
deposited in the Department of Botany, Vidyasagar Univer-
sity (Ref. No. S. mahagoni (L.) Jacq./VU/01/09).
Preparation of the hydro-methanol (2:3) extract of
seed of S. mahagoni (L.) Jacq.
Fresh seeds were dried in an incubator for 2 days at 40C,
crushed separately in an electric grinder, and then pul-
verized. Out of this powder, 50 g was suspended in 100 mL
water and 150 mL methanol (2:3) and kept in the incubator
at 37C for 36 hours. The slurry was stirred intermittently
for 2 hours and left overnight. The mixture was then
filtered and the filtrate was dried by low pressure. From
that amount 9 g of light brown residue was collected. The
residue was suspended in water in a fixed dose and used for
treatment.
Qualitative screening of phyto-ingredients present
in the hydro-methanol (2:3) extract of seeds of S.
mahagoni (L.) Jacq.
Test for alkaloids
The 0.5 g extract was defatted with 5% ethyl ether for 15
minutes. The defatted sample was extracted for 20 minutes
with 5 mL of aqueous HCl in a boiling water bath. The
resulting mixture was centrifuged for 10 minutes at 885g.
One mL of the filtrate was treated with a few drops of
Mayer’s reagent and 1 mL with Dragendroff’s reagent fol-
lowed by observation of turbidity.10,11
Test for flavonoids
A portion of crude powder was heated with 10 mL of ethyl
acetate over a steam bath for 3 minutes. The mixture was
filtered and 4 mL of the filtrate was shaken with 1 mL of
dilute ammonia solution; a yellow coloration was
observed.12
Test for saponins
In a test tube, 0.5 g of crude powder was shaken with water
and warmed in a water bath; the persistence of froth
indicated the presence of saponins.13
Test for tannins
Crude powder (0.5 g) was stirred with 10 mL of distilled
water. This was filtered and ferric chloride reagent was
20 T.K. Bera et al.added to the filtrate. A blue-black precipitate was taken as
evidence for the presence of tannins.10
Test for terpenoids
Crude powder (0.5 g) was dissolved in 5 mL of methanol.
Two mL of the extract was treated with 1 mL of 2,4-dini-
trophenylhydrazine dissolved in 100 mL of 2M HCl. Yellow-
orange coloration was an indication of terpenoids.14
Test for steroids
Crude powder (0.5 g) was dissolved in 5 mL of methanol. One
mL of the extract was treated with 0.5 mL of acetic acid
anhydride and cooled in ice. This was mixed with 0.5 mL of
chloroform and 1 mL of concentrated sulfuric acid was then
added carefully by means of a pipette.14 At the separation
level of the two liquids, the formation of a reddish-brown
ring was indication of the presence of steroids.
Quantitative analysis of phyto-ingredients present
in the hydro-methanol (2:3) extract of seeds of S.
mahagoni (L.) Jacq.
Determination of total phenolic compounds
The total phenolic content present in the extract was
determined using FCR.15 The reaction mixture was pre-
pared by adding 1 mL of extract with 0.5 mL of FCR, 3 mL of
20% Na2CO3, and 10 mL of distilled water. After incubation,
the absorbance was measured spectrophotometrically at
765 nm. The result was expressed in terms of mg gallic acid
equivalents (GAE)/g of extract.
Determination of total flavonoid compounds
The total flavonoid content was determined by AlCl3 using
the colorimetric method with quercetin as the standard.16
The reaction mixture was prepared using 1 mL of extract,
4 mL of distilled water, and 0.3 mL of NaNO2 and after 5
minutes, 3 mL of 10% AlCl3 was added to the reaction
mixture. After 5 minutes incubation, the absorbance was
measured at 510 nm. The result was expressed in terms of
mg quercetin equivalents (QE)/g of extract.
Assessment of in vitro antioxidant activity of the
hydro-methanol (2:3) extract of seeds of S.
mahagoni (L.) Jacq.
DPPH radical scavenging activity
The DPPH assay measured hydrogen atom (or 1 electron)
donating activity and hence provided an evaluation of
antioxidant activity due to free radical scavenging. DPPH is
a purple-colored diphenylpicryl hydrazine.17 Briefly, 0.1 mM
of DPPH radical solution in methanol was prepared and 1 mL
of this solution was mixed with 3 mL of sample solutions in
water at different concentrations; the absorbance was
measured at 517 nm. BHT was used as a positive control.
This activity is given as % DPPH radical-scavenging that was
calculated according to the following equation:
% inhibition Z (A0  A1)/A0  100)
where A0 is the absorbance of the control (without extract)
and A1 is the absorbance in the presence of the extract.Hydroxyl radical inhibitory activity
The reaction mixture containing deoxyribose (3 mM,
0.2 mL), ferric chloride (0.1 mM, 0.2 mL), and hydrogen
peroxide (2 mM, 0.2 mL) in phosphate buffer saline (PBS; pH
7.4, 20 mM), various concentrations of the extract at a
volume of 0.2 mL, or standard in DMSO were added to give a
total volume of 1.1 mL. The reaction mixture was kept in a
boiling water bath for 30 minutes, cooled to room tem-
perature, and the absorbance was measured at 532 nm.18
Alpha-tocopherol was used as a reference control and all
tests were performed six times.
Nitric oxide inhibitory activity
In vitro nitric oxide inhibitory activity was determined by
the Griess III osvoy reaction.19 Two mL of 10 mM sodium
nitroprusside and 0.5 mL of 0.1 M PBS (pH 7.4) were mixed
with 0.5 mL of extract at various concentrations and the
mixture was incubated at 25C for 150 minutes. The
absorbance was measured with a spectrophotometer at
546 nm. Quercetin was used as a positive control.
Hydrogen peroxide inhibitory activity
A solution of hydrogen peroxide (20 mM) was prepared in
PBS (pH 7.4). Various concentrations of the extract or
standard in methanol (1 mL) were added to 2 mL of
hydrogen peroxide solution in PBS. After 10 minutes, the
absorbance was measured at 230 nm.20 Ascorbic acid was
used as a reference compound.
Lipid peroxidation inhibitory activity
The reaction mixture was composed of 0.25 mL of liver
homogenate, in tris-HCL buffer (pH 7.2), 0.1 mM ascorbic
acid (100 mL), 4 mM FeCl2 (100 mL), and 0.05 mL of various
concentrations of extract. The mixture was incubated at
37C for 1 hour and the absorbance of the supernatant was
measured at 532 nm.21 BHA was used as a positive control.
The percentage inhibition of lipid peroxidation was calcu-
lated by the formula:
inhibition (%) Z {(control - test)/control  100}
Statistical analysis
Statistical analysis was performed by software (Origin 8 Pvt.
Ltd., Crow Hill Farm, Rvensden Road, Bedford, Germany).
Data was expressed as mean  standard deviation (SD) of
six measurements. Data was analyzed using multiple linear
regression equation (R square). The results obtained were
considered statistically significant if p < 0.05. The amount
of extract needed to inhibit free radical concentrations by
50% (IC50) was performed by software (Statistica, StatSoft
Pvt. Ltd., Petervale Shopping Centre, Sandton-2196, South
Korea) based on the percentage of inhibition at different
doses or concentrations.22
Results
Qualitative screening of phyto-ingredients
The present study carried out on the hydro-methanol (2:3)
extract of seeds of S. mahagoni (L.) Jacq. revealed the
Table 2 Quantitative analysis of total phenolic and total
flavonoid content of the hydro-methanol (2:3) extract of
seeds of Swietenia mahagoni (L.) Jacq.
Samples TPC (mg GAE/g
dried extract)
TFC (mg QE/g
dried extract)
Hydro-methanol (2:3)
extract of seeds of
Swietenia mahagoni
(L.) Jacq.
46.25 231.72
GAE Z gallic acid equivalents; QE Z quercetin equivalents;
TFC Z total flavonoid content; TPC Z total phenolic content.
Swietenia mahagoni (L.) Jacq. 21presence of medicinally active antioxidative constituents.
Alkaloid, flavonoid, saponin, and tannin constituents were
present within the investigated extract and terpenoids and
steroids were absent (Table 1).
Quantitative screening of phyto-ingredients
Phenolic compounds may contribute directly to anti-
oxidative actions. The total phenolic content of the hydro-
methanol (2:3) extract of seeds of S. mahagoni (L.) Jacq.
was 46.25 mg GAE/g dried extract. The total flavonoid
content of this investigated extract was 231.72 mg QE/g
dried extract (Table 2).
DPPH radical scavenging
The hydro-methanol (2:3) extract of seeds of S. mahagoni
(L.) Jacq. was an effective scavenger of DPPH and the ac-
tivity was comparable to that of BHT. The DPPH free radi-
cals were scavenged at different concentrations
(investigated extract). The values for percentage inhibition
at concentrations of 20 mg/mL, 40 mg/mL, 60 mg/mL, 80 mg/
mL, and 100 mg/mL extract were 15.37  0.2, 24.48  0.2,
35.82  0.4, 49.53  0.6, and 64.21  0.7, respectively; the
corresponding values for percentage inhibition at similar
concentrations of BHT were 18.47  0.2, 28.67  0.4,
37.56  0.5, 53.73  0.8, and 66.94  0.9, respectively. The
IC50 value of the investigated extract was 80.54 mg/mL and
the IC50 value of standard BHT was 74.63 mg/mL, which are
represented by a line diagram (Fig. 1).
Hydroxyl radical scavenging
This assay shows the abilities of the investigated extract
and standard alpha-tocopherol to inhibit hydroxyl radical-
mediated deoxyribose degradation in a Fe3þ-EDTA-ascorbic
acid and H2O2 reaction mixture. The hydroxyl radicals were
scavenged at different concentrations (investigated
extract). The values for percentage inhibition at concen-
trations of 20 mg/mL, 40 mg/mL, 60 mg/mL, 80 mg/mL, and
100 mg/mL extract were 28.47  0.3, 36.21  0.4,
48.73  0.3, 60.58  0.5, and 76.04  0.4, respectively; the
corresponding values for alpha-tocopherol (at similar con-
centrations) were 34.21  0.2, 40.75  0.3, 52.81  0.2,Table 1 Qualitative screening of phytoconstituents of the
hydro-methanol (2:3) extract of seeds of Swietenia maha-
goni (L.) Jacq.
Phytochemicals Swietenia
mahagoni (L.) Jacq.
Alkaloids þ
Flavonoids þ
Saponins þ
Tannins þ
Terpenoids e
Steroids e
þ indicates the presence of constituents; e indicates the
absence of constituents.67.82  0.6, and 80.21  0.8, respectively. The IC50 value of
the investigated extract was 60.76 mg/mL and the IC50 value
of standard alpha-tocopherol was 51.81 mg/mL; the results
are shown in Fig. 2.
Nitric oxide radical scavenging
The S. mahagoni extract was an effective scavenger of ni-
tric oxide radicals and this activity was comparable with
the reference compound, quercetin. The nitric oxide radi-
cals were scavenged at different concentrations (investi-
gated extract). The values for percentage inhibition at
concentrations of 20 mg/mL, 40 mg/mL, 60 mg/mL, 80 mg/
mL, and 100 mg/mL extract were 19.63  0.2, 27.92  0.4,
39.76  0.4, 47.98  0.6, and 61.04  0.7, respectively; the
corresponding values for quercetin (at similar concentra-
tions) were 23.65  0.4, 32.61  0.5, 43.38  0.4,
52.04  0.7, and 58.97  0.9, respectively. The IC50 value of
the investigated extract was 81.56 mg/mL and the IC50 value
of standard quercetin was 77.55 mg/mL (Fig. 3).
Hydrogen peroxide scavenging
The values for percentage inhibition in hydrogen peroxide
radical at 20 mg/mL, 40 mg/mL, 60 mg/mL, 80 mg/mL, and
100 mg/mL investigated extract were 22.36  0.4,Figure 1 Scavenging of 2,2-diphenyl-1-picrylhydrazyl (DPPH)
by the hydro-methanol (2:3) extract of seeds of Swietenia
mahagoni (L.) Jacq. and standard butylated hydroxytoluene
(BHT). Data are expressed as mean  SD (nZ 6). The IC50 value
of seed extract is 80.54 mg/m and the IC50 value of the standard
is 74.63 mg/mL.
Figure 2 Hydroxyl radical scavenging ability of the hydro-
methanol (2:3) extract of seeds of Swietenia mahagoni (L.)
Jacq. and standard alpha-tocopherol. Data are expressed as
mean  SD (nZ 6). The IC50 value of seed extract is 60.76 mg/
mL and the IC50 value of the standard is 51.81 mg/mL.
Figure 4 Hydrogen peroxide scavenging ability of the hydro-
methanol (2:3) extract of seeds of Swietenia mahagoni (L.)
Jacq. and standard ascorbic acid. Data are expressed as
mean  SD (nZ 6). The IC50 value of seed extract is 66.10 mg/
mL and the IC50 value of the standard is 61.11 mg/mL.
22 T.K. Bera et al.37.87  0.6, 49.61  0.4, 56.72  0.8, and 68.56  0.9,
respectively; the corresponding values for ascorbic acid (at
similar concentrations) were 25.76  0.5, 40.32  0.5,
54.28  0.7, 58.43  0.9, and 70.42  0.8, respectively. The
IC50 value of the investigated extract was 66.10 mg/mL and
the IC50 value of standard ascorbic acid was 61.11 mg/mL;
results are shown in Fig. 4.
Lipid peroxidation scavenging
The values for percentage inhibition of lipid peroxidation at
20 mg/mL, 40 mg/mL, 60 mg/mL, 80 mg/mL, and 100 mg/mL
investigated extract were 23.61  0.4, 35.27  0.3,
48.81  0.5, 63.38  0.7, and 77.42  0.8, respectively; the
corresponding values for BHA (at similar concentrations)Figure 3 Inhibition in nitric oxide radical by the hydro-
methanol (2:3) extract of seeds of Swietenia mahagoni (L.)
Jacq. and standard quercetin. Data are expressed as
mean  SD (nZ 6). The IC50 value of seed extract is 81.56 mg/
mL and the IC50 value of the standard is 77.55 mg/mL.were 26.41  0.2, 39.15  0.6, 57.56  0.7, 67.52  0.9,
and 81.07  0.8, respectively. The IC50 value of the inves-
tigated extract was 61.23 mg/mL and the IC50 value of
standard BHA was 54.36 mg/mL, which are represented by a
line diagram (Fig. 5).
Discussion
In a living system, free radicals are constantly generated
and can cause extensive damage to tissues and bio-
molecules, leading to various disease conditions, especially
degenerative diseases, and extensive lysis. Antioxidants
may offer resistance against the oxidative stress by scav-
enging the free radicals, inhibiting the lipid peroxidation,Figure 5 Inhibition in lipid peroxidation by the hydro-
methanol (2:3) extract of seeds of Swietenia mahagoni (L.)
Jacq. and standard butylated hydroxyanisole (BHA). Data are
expressed as mean  SD (nZ 6). The IC50 value of seed extract
is 61.23 mg/mL and the IC50 value of the standard is
54.36 mg/mL.
Swietenia mahagoni (L.) Jacq. 23and by many other mechanisms and thus prevent disease.23
Consequently, we studied the antioxidant activities of the
hydro-methanol (2:3) extract of seeds of S. mahagoni (L.)
Jacq. by a series of in vitro protocols using some biologi-
cally relevant models.
Therefore, an approach with multiple assays for evalu-
ating the antioxidant potential of extracts would be more
informative and even necessary. The results expressed in
this study are the first information on the antioxidant ac-
tivities of S. mahagoni and clearly demonstrate that the
extract can effectively scavenge various ROS/free radicals
under the in vitro conditions. The high concentration of
polyphenolics in the hydro-methanol (2:3) extract may be
responsible for its free radical scavenging activity. Due to
redox properties, phenolic compounds play an important
role in adsorbing and neutralizing free radicals, quenching
singlet triplet oxygen or decomposing peroxides.24 The
Folin-Ciocalteu reagent (FCR) reducing capacity of the
hydro-methanol (2:3) extract may be due to the presence
of hydroxyl groups in the polyphenolics and flavonoids. It
has been also recognized that flavonoids show antioxidant
activity through scavenging or chelating processes and their
effects on human nutrition and health are considerable.25
The DPPH antioxidant assay is based on the ability of
DPPH, a stable free radical, to decolorize in the presence of
antioxidants. The DPPH radical contains an odd electron
which is responsible for the absorbance at 517 nm and also
for a visible deep purple color. When DPPH accepts an
electron donated by an antioxidant compound, the DPPH is
decolorized which can be quantitatively measured from the
changes in absorbance.26 It was observed that the radical
scavenging activity is increasing with the increase of
phenolic compound content that have many OH groups,
leading to its high DPPH scavenging activity.27
The hydroxyl radical is the major active oxygen species
causing lipid peroxidation and great biological damage; it
also has the capacity to cause DNA strand breakage, which
contributes to carcinogenesis, mutagenesis, and cytotox-
icity.8 Like many free radicals, the hydroxyl radical can be
neutralized if it is provided with hydrogen atoms.
Deoxyribose is degraded by OH. generated by the Fenton
system (H2O2 þ Fe2þZ Fe3þ þ OH þ OH.) and results in a
series of reactions during which malondialdehyde is
formed and may be detected by its ability to react with
TBA to form a pink chromogen.28 Phytochemical study of
seed extract revealed the presence of phenolic com-
pounds which may responsible for the hydroxyl radical
scavenging activity.29
Nitric oxide is a free radical product in mammalian cells,
involved in the regulation of various physiological pro-
cesses. However, excess production of nitric oxide radical is
directly toxic to tissues and contributes to the vascular
collapse associated with septic shock, diabetes, multiple
sclerosis, arthritis, and ulcerative colitis.30 The toxicity of
nitric oxide increases greatly when it reacts with superox-
ide radical, forming the highly reactive peroxynitrite anion
(ONOO).31 The nitric oxide generated from sodium nitro-
prusside reacts with oxygen to form nitrite. The extract
inhibits nitrite formation by directly competing with oxygen
in the reaction with nitric oxide.
Hydrogen peroxide is a weak oxidizing agent that in-
activates a few enzymes directly, usually by oxidation ofessential thiol (-SH) groups. It can cross cell membranes
rapidly; once inside the cell, it can probably react with
Fe2þ and possibly Cu2þ ions to form hydroxyl radicals and
this may be the origin of many of its toxic effects.3,32
Scavenging of hydrogen peroxide by S. mahagoni may be
attributed to phenolic compounds which could donate
electron to hydrogen peroxide, thus it is neutralizing to
water.
Lipid peroxidation has been broadly defined as the
oxidative deterioration of polyunsaturated fatty acids and
involves formation of lipid radicals leading to membrane
damage. Free radical-induced lipid peroxidation mainly
occurs in the brain and liver due to the presence of
polyunsaturated lipids.33 Increased lipid peroxidation is a
salient characteristic of chronic diabetes which impairs
membrane function by reducing the activity of enzymes
as well as receptors.34 Results showed that the hydro-
methanol (2:3) extract of the seeds of S. mahagoni inhibit
lipid peroxidation under in vitro conditions, indicating
the anti-lipid peroxidant effect of the seeds of S.
mahagoni.Conclusion
On the basis of the results obtained in the present study, it
is concluded that the hydro-methanol (2:3) extract of seeds
of S. mahagoni, which contains alkaloids, flavonoids,
saponin, tannin, and phenolic compounds, exhibits high
antioxidant and free radical scavenging activities. These
in vitro assays indicate that this seed extract is a significant
source of natural antioxidants, which might be helpful in
preventing the progress of various oxidative stresses.
However, the phyto-ingredient(s) responsible for the anti-
oxidative enzyme activity are currently unclear. Therefore,
further investigation is needed to isolate and identify the
antioxidant compounds present in the seed extract.
Furthermore, in vivo antioxidant activity of this seed
extract needs to be assessed before clinical use.Conflicts of interest
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